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Abstract
Climate change impacts human health in a variety of ways, which differ depending on
geographical location. These impacts include worsening heat events, worsening air quality, and
increased frequency and intensity of extreme weather events, among other things. I completed an
assessment to look at the many possible ways in which climate change could impact the health of
the residents of Alexandria, Virginia, and then focused on heat and air quality impacts as areas of
top concern. I identified vulnerable populations for each impact, and researched young athletes
and heat illness in particular. After looking broadly into the individual health impacts, I reviewed
existing policy regarding climate change and health at the local and state level with a focus on
school sports cancellation policy. I also reviewed the resources and policies available in major
U.S. cities and states for comparison. After reviewing the policy and information available in
Alexandria and other localities, I made recommendations to by implemented in the short-term
and long-term for mitigation of these health impacts.
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Executive Summary
Alexandria, Virginia is a densely populated city located six miles south of Washington,
D.C bordering the Potomac River. The city is vulnerable to many of the health impacts of
climate change because of its geographical location. Because the city itself is so densely
populated and is located in close proximity to a major city, air pollution is a top health concern
that will get worse as climate change progresses. Alexandria is located in the Southeast, where
temperatures are expected to rise in the future. Higher temperatures are expected to contribute to
the formation of more smog in the city, which causes respiratory problems. Increasing heat
events are also a top concern as they will likely result in more cases of heat-related illnesses that
cause hospitalizations and sometimes death. Extreme rainfall events are increasing in frequency
and intensity, which can cause damage to infrastructure, flooding, and water contamination.
Increased rainfall will likely lead to more standing water where Asian tiger mosquitoes breed.
These mosquitoes can carry West Nile virus and Zika, so they pose a risk to the community.
Although there is no agriculture in Alexandria or the surrounding area, food prices could rise if
agriculture is impacted elsewhere. A rise in food prices could lead to food and nutrition
insecurity in Alexandria, which would disproportionately affect the low-income portion of the
population. Mental health impacts, migration, and violence are not major concerns for
Alexandria, but may still have an effect on the community. Though there is a low likelihood of
natural disasters for Alexandria, those with pre-existing mental health conditions are still at risk.
Migration and violence are not top concerns for Alexandria because it is unlikely that people will
migrate into or out of the area because it is so densely populated. There is a chance that people
will have to move due to flooding, but otherwise the impacts of climate change are unlikely to
cause people to have to move out of Alexandria. Overall, Alexandria is at risk of suffering from
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the health impacts of climate change, but the impacts can be mitigated through policies and
interventions.

Figure 1 Map showing the city limits of Alexandria, VA and proximity to the Potomac River,
major interstate highways, and Washington, D.C. (Google Earth).

Demographics of Alexandria, VA
Alexandria, Virginia is a densely populated city located right outside Washington, D.C. The
total population of the city is 160,530 people, and the city covers a total area of 15.0 square
miles.1 The city has a diverse population in terms of age, with a 39.9% plurality being age 20-39
(Table 1). The city is 51.8% white alone, not Hispanic or Latino, 22.1% Black or African
American, and 16.7% of the population identifies as Hispanic or Latino. A large proportion of
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the city’s population has a college education or higher, and 46.8% of households have a
combined family income of over $100,000. Overall, the population is wealthy, given that the
median household income in Alexandria is $93,370 compared to the national median household
income of $57,652.1 There are neighborhoods within the city where the median income is much
lower than that of the entire city. The population of Alexandria is well-educated, as 32.7% of
people over age 25 have a post-graduate or professional degree.
The elderly, young, and low-income populations of Alexandria, VA are at the highest risk of
health impacts of climate change. Citizens age 65 and up make up 9.2% of the population and
are at risk because their bodies are not able to respond to change as well. The young are also at
risk because their bodies have not finished developing and so they are more susceptible to
damage. Young athletes who practice outside in the summer months when heat and air pollution
are highest are at an especially high risk. The low-income population faces their own set of risks
because they lack the resources to adequately prepare for damage they may sustain from climaterelated impacts and may have limited access to medical care in the event that it is necessary.
Those living with pre-existing health conditions that may be exacerbated by changing
environmental factors as a result of climate change are also at an increased risk.
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Table 1 Demographic characteristics of Alexandria, Virginia.1, 2
Variable
Population
Age
Under 5
5-14
15-19
20-39
40-64
65+
Race
White
Black or African American
American Indian or Alaska Native
Asian
Two or more races
Other
Ethnicity
White alone, not Hispanic or Latino
Hispanic or Latino/Latina
Combined household annual income
< $25,000
$25,000 - $49,999
$50,000 - $74,999
$75,000 - $99,999
> $100,000
Median household income: $93,370
Average per capita income in past 12 months:
$57,019
Persons in poverty: 10.1%
Education level (Population 25 years and over)
Less than high school
High school graduate
Some college
Associates/technical degree
Bachelor’s degree
Post graduate/professional degree

Alexandria, VA
(%)
160,530
2010 Census
7.1
7.8
3.6
39.9
32.4
9.2
62.3
22.1
0.2
6.2
4.7
4.5
51.8
16.7
10.3
14.5
15.0
13.4
46.8

8.5
11.9
13.3
4.4
29.2
32.7
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Summary of Impacts:
The U.S. Global Change Research Program (USGCRP) published a comprehensive Climate
and Health Assessment in 2016, which outlines the different categories of impacts, identifies
exposure pathways, and provides recommendations for mitigation. I chose to use the same
impact categories when doing my assessment, and have included a summary of each individual
impact below. I chose to investigate every impact that was included in the USGCRP assessment,
even if there will not be a dramatic impact on Alexandria.

Heat-Related Death and Illness
As climate change worsens, extreme heat events will become more common in many parts of
the country, including the Southeast region where Alexandria, VA is located. The average
regional temperature in the Southeast is projected to increase by 4°- 8°F by the end of the
century.3 There will be more days with high temperatures and more heat waves where the
temperature remains high for many days in a row. These high temperatures are dangerous
because it puts people at risk of heat stress, exertional heat stroke, and dehydration, as well as
potential impacts on the cardiovascular and nervous systems. These health impacts lead to more
hospital visits and more deaths.4 Extreme heat is especially dangerous for children, athletes who
practice outside, for those who work outside, as well as the elderly population, who are more
likely to be living with a chronic disease that may increase their sensitivity to heat. The lowincome portion of the population who may not have air conditioning to protect them from heat
stroke are also at risk of heat-related illness. Nighttime low temperatures are increasing as a
result of climate change, adding to heat stress for those without adequate air conditioning.
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Air Quality Impacts
Climate change will worsen the health impacts of respiratory disorders in Alexandria.
Rising temperatures will lead to the formation of more ground-level ozone, which results in
smog.5 In the future, climate change will extend the amount of time each year when it is hot and
sunny, which in turn will increase the amount of ozone and smog that are formed. This is a
concern for Alexandria because of its proximity to Washington, D.C., which is currently the
sixteenth most ozone-polluted city in the country.6(p.21) Ground-level ozone has been linked to
new onsets of asthma, pre-term birth, birth defects, developmental delays for children, strokes,
heart attacks, dementia, and lung cancer.5 Children, the elderly population, and those living with
pre-existing health conditions are at the highest risk of suffering health impacts associated with
ground-level ozone.7 Particulate matter may also increase as climate change alters meteorological
factors that affect the levels of particulate matter in the air, specifically PM2.5.8 The inhalation of
particulate matter has serious short-term and long-term health effects.9 Similar to ground-level
ozone, the demographic groups that are at risk are children, the elderly, and those with preexisting health conditions.
Another health impact of climate change is the change in allergy seasons. The allergy
season is expected to become longer and more severe as a result of higher temperatures caused
by climate change. Rising temperatures cause plants to bloom earlier, extending the allergy
season. In addition, higher levels of carbon dioxide in the atmosphere can cause some plants to
produce more pollen.10 People with pre-existing allergies are at the highest risk of suffering from
these health impacts, though higher pollen counts in the air can also worsen asthma symptoms
and trigger more asthma attacks, so those who suffer from asthma are at a high risk as well.
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Extreme Weather
Extreme weather events are on the rise nationwide and will continue to increase in frequency
and intensity in the coming years as the result of worsening climate change. The USGCRP’s
National Climate and Health Assessment categorizes extreme weather as ‘flooding related to
extreme precipitation, hurricanes, and coastal storms’, ‘droughts’, ‘wildfires’, and ‘winter storms
and severe thunderstorms’. For the state of Virginia as a whole, flooding related to extreme
precipitation and coastal storms is a top concern. Alexandria borders the Potomac River, which
at Alexandria is a river but also a tidal estuary, part of the Chesapeake Bay estuary, the largest on
the East coast of North America. This proximity to the river presents a concern for flooding in
the event of extreme rainfall, tidal events, storm surge, and with sea level rise. The number of
annual extreme precipitation events in the state of Virginia has increased in the past 20 years.11
Extreme precipitation events pose a risk to the community because of the damage to
infrastructure, risk of flooding, drinking water contamination, and potential for disease
outbreaks.
The bulk of the city of Alexandria is located at low elevation above sea level, presenting a
heightened flood risk as seen in Figure 2 below. The flood rate insurance map (FIRM) of
Alexandria shows several Zone A10 and A7 areas as well as Zone B areas (Figure 3). Zone A10
and A7 are part of the base floodplain, with the number demonstrating the base flood elevation.
On more updated maps, all numbered A zones, A1-30, are referred to as AE zones. People living
in these Zone AE areas are required to purchase flood insurance. Zone B is a moderate risk area
where citizens are not required to purchase flood insurance, but there is still a moderate flood
hazard.12 Floods threaten human health through damage to infrastructure, physical injury, death
by drowning, infections, and gastrointestinal illnesses.13

Alexandria, VA: Climate and Health

Figure 2 Map showing elevation above sea level of Alexandria.14

Figure 3 Flood rate insurance map (FIRM) of Alexandria. Dark grey shaded areas show Zone
AE risk areas and light grey shaded areas represent Zone B areas.15
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While most of the city has separate sanitary and storm sewers, there is an area of 540
acres in Old Town, Alexandria that is served by a combined sewer system (Figure 4).16 In a
combined sewer system, there is just one pipe that transports both sanitary sewage and
stormwater runoff to the local wastewater treatment plant.16 During heavy rainfall, the system
can be overwhelmed and the combined raw sewage and stormwater can overflow directly into
local streams. According to the City of Alexandria website, these overflows currently occur
during most rain events that the city experiences, totaling 60 to 70 times per year.17 The area
served by the combined sewer system borders the Potomac River and is at the lowest elevation,
just 26 feet above sea level, which puts this part of the city’s population at a high risk of
flooding. The low-income portion of the population is at a high risk because they are more likely
to lack the resources needed to recover from extreme weather events. In the event of extreme
weather, if older adults are forced to evacuate, they may suffer if needed medical care is
interrupted.

Figure 4 Map of Alexandria City showing the combined sewer system area shaded in blue. The
green areas show where water flows into local waterways during combined sewer overflow.16
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Vector-Borne Diseases
Changes in weather and climate allow for the spread of vectors into new areas that they
did not inhabit before. Much of Virginia is plagued by mosquitoes and ticks that carry West Nile
virus and Lyme disease, respectively, but Alexandria in particular has an infestation of the
invasive species, Asian tiger mosquitoes (Aedes albopictus).18 These mosquitoes breed in any
amount of standing water, which is common in the densely populated city with many backyards.
With an increase in heavy precipitation events, there are more instances of standing water which
leads to more mosquitoes. Asian tiger mosquitoes are capable of carrying and spreading Zika
virus, which puts the population of Alexandria at risk of contracting this serious disease, should
the Alexandria Asian tiger mosquito population become infected with Zika. Children’s bodies
are still developing, so a severe vector-borne disease such as West Nile or Zika can have much
more damaging effects. The elderly population is more likely to have a pre-existing condition
that can put them at risk of complications upon exposure to one of these diseases. Those that
spend a lot of time outdoors are more likely to be exposed to mosquitoes or ticks that could be
carrying a disease, so that population is also at a higher risk.

Water-Related Illness
The risk of water-related illness in Alexandria mainly comes from the combined sewer
system that serves part of the city. During extreme rainfall events, the combined sewer system
can overflow causing raw sewage to flow directly into local waterways. This puts the community
at risk of illness from waterborne pathogens such as E. coli if untreated sewage and storm water
contaminate drinking water sources.5 Waterborne diseases can be caused by bacteria, viruses, and
protozoa as well as cyanobacteria and other algae blooms.19 For Alexandria, algal blooms are
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possible but are not a top concern. Harmful algal blooms can be caused by the combination of
sunlight, slow moving water, lack of wind, and nutrient runoff. Though these conditions are
possible in the portion of the Potomac River that borders Alexandria, it is a rare occurrence.
Flooding events can also cause mold to grow, which negatively affects the respiratory systems of
those exposed.5

Food Safety and Food/ Nutrition Insecurity
Foodborne illness is not of high concern for the population of Alexandria because people
do not tend to eat locally and there are no farms nearby, but the city of Alexandria may face the
threat of food and nutrition insecurity in the face of climate change. There is no agriculture in
Alexandria or the general D.C. metropolitan area, but the residents will be affected if agriculture
in the more rural parts of Virginia, Maryland, and Pennsylvania suffers as a result of climate
change. Heat stress as a result of rising temperatures in the state of Virginia may reduce livestock
productivity and yields of corn.10 This will impact the availability of food in the city, which
would cause food prices to rise. When food becomes more expensive, those with limited
financial resources are forced to turn to cheaper options, which are often much less nutritious.
Climate change will negatively impact food and nutrition insecurity in Alexandria by making
nutritious food more expensive and therefore less accessible for the lower income portion of the
population. The low income portion of the population is the most vulnerable to the impacts of
food and nutrition insecurity.
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Mental Health Impacts, Migration, and Violence
The residents of Alexandria are at some risk of suffering from the mental health impacts
of climate change. These are sometimes the less obvious health impacts of climate change, as
they can take time to become apparent. Natural disasters resulting from climate change can cause
stress disorders, depression, and anxiety, among other things.20(p.199-200) Virginia does not have a
high risk of natural disasters such as hurricanes or wildfires because of its geographical location,
but climate change will increase the likelihood of heavy precipitation and wind events, which
can also cause immense damage and stress. Flooding may force residents to move away from
low elevation neighborhoods, which could cause stress and mental health impacts. Those with
existing mental health conditions are at the highest risk of suffering from the mental health
impacts of climate change. It is unlikely that people will have to migrate away from Alexandria
due to climate change. It is also unlikely that people will move to Alexandria as climate refugees
because the city is already so densely populated. Alexandria tends to be a safe place to live, with
violent crime occurring blow the national rate. FBI data shows 260 instances of violent crime in
Alexandria in 2018, equaling a rate of approximately 159.9 per 100,000 people. The FBI
estimated a rate of 368.9 violent crimes for every 100,000 people in America.21

Areas of Concern: Heat and Air Quality
After looking broadly into all the impacts that worsening climate change will have on the
health of the citizens of Alexandria, VA, I identified extreme heat events and worsening air
quality as the most pertinent issues. I believe that extreme rainfall events and the subsequent
flooding will certainly cause potential health impacts, especially given the combined sewer
system that serves part of the city, but the increasing frequency and severity of heat events
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present the most pressing health concerns and the most urgent need for mitigation. I grew up in
Alexandria and both my younger sister and I play outdoor sports. I have always been conscious
of air quality issues and heat events while heading out for a run or watching my sister pack her
bags for field hockey practice in early August, but became more interested and concerned about
the health impacts and connection to climate change after my courses at UVM. During one of
our HCOL 186 lectures, Denise Alosa, ATC came and spoke to us about heat illness and the
practice and game cancellation policies for heat in place at Vermont public high schools. This
prompted me to look further into our Alexandria high school’s game/practice cancellation policy
for heat.

Heat
Hot days and heat waves are becoming more common in Alexandria as climate change
progresses. As shown in Table 2, the average maximum temperature for each month between
April and October 2019 exceeded the historical average monthly maximum temperature. There
were 63 total days where the high temperature reached or exceeded 90°F from April to
September 2019. Virginia is expected to see twice as many days over 90°F by the 2080s along
with more heat waves.5 A heat wave is defined by the World Meteorological Association as a
period of 5 or more days when ambient temperatures exceed the average maximum (for the
1961-1990 period) by 9°F, but individual regions or states may define heat wave differently. For
the state of Virginia, 90°F is commonly seen as a threshold temperature, above which heatrelated hospital visits increase exponentially. Wet bulb globe temperature (WBGT) is a way to
measure heat stress that factors in temperature, humidity, wind speed, cloud cover, and sun
angle. It is used by the military, OSHA, and many schools and sports teams to determine outdoor
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workloads. At a WBGT of 95°F or higher, the human body is unable to cool through
perspiration.4 The elderly, young, pregnant women, those living with chronic illness, outdoor
workers, and low-income populations are at the highest risk of suffering health impacts as a
result of extreme heat in Alexandria, VA.

Table 2 Historical monthly average maximum temperatures, 2019 monthly average maximum
temperatures, and number of days where high temperature reached or exceeded 90°F per month
in 2019.22,23
Month

Historical Avg. Max

2019 Avg. Max

Number of days

Temperature (°F)

Temperature (°F)

with high temp over

1981-2010

90°F in 2019

April

66.6

72

0

May

75.4

79

5

June

84.2

85

9

July

88.4

91

23

August

86.5

89

16

September

79.5

86

9

October

68.4

72

1
Total YTD: 63

The elderly population is at a high risk because they physiologically have a decreased ability
to thermoregulate, are more likely to be living with a chronic disease that may increase their
sensitivity to heat, and are more likely to be taking medication that affects thermoregulation or
blocks nerve impulses.4 Efficiency of thermoregulation decreases with age as the result of several
different factors. The evaporation of sweat is the thermoregulatory response with the highest
capacity for heat loss, and there have been studies demonstrating that sweat gland output
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decreases with age.24 Another fundamental thermoregulatory response is the redistribution of
blood flow to the skin, which transfers heat in the core and circulatory system to the periphery.24
This is a key function of reducing core temperature that is also impaired by increased age.
Additionally, studies have shown that thirst sensation and the renal sodium and water conserving
capabilities decline with age.24 These decreased physiological functions (sweat gland output,
skin blood flow, thirst sensation, and renal capabilities), put the elderly population at a
significantly increased risk of heat-related illness or complications.
There are several chronic diseases that increase heat sensitivity. Cardiovascular disease,
respiratory disease, cerebrovascular disease, renal disorders, obesity and diabetes mellitus all
place people at a higher risk of heat-related complications.4 These diseases decrease the body’s
ability to thermoregulate.25 diseases are more prevalent in the elderly population. Another factor
that increases the risk of heat-related health complications in the older population is the
likelihood that an individual is taking prescription medication that affects thermoregulation or
blocks nerve impulses. Some examples of medications that are prevalent in older populations and
increase the risk of heat-related illness are diuretics (used to treat hypertension, heart disease, and
some kidney diseases), anticholinergic agents to block nerve impulses (used to treat a variety of
conditions ranging from gastrointestinal disorders to COPD), and antipsychotics (used to treat a
variety of conditions, but primarily dementia in older patients).26 An additional risk factor is the
increased likelihood that older people are taking multiple drugs to treat different conditions. The
combination of medications, chronic disease, and decreased ability to thermoregulate put the
elderly population at a substantially higher risk of heat-related complications compared to the
rest of the population. The population is getting older nationwide, as people are living longer
and the baby boomer generation ages.27
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Children are another sub-population in Alexandria that are at increased risk of suffering heatrelated health impacts. Young people, especially infants and toddlers, are at a higher risk of heat
illness. Children have a lower sweat rate than adults, due to their smaller sweat glands.28 They
also have a higher ratio of surface area to body mass, which increases the absorption of heat.28
The highest heat-associated health risk for children comes with exercise. Although infants and
toddlers have a significantly decreased ability to thermoregulate, they are not playing sports and
exercising outdoors as the older children do.
Young people, and especially young athletes, are at risk of suffering from heat illness when
temperatures are high and they have to be outside. There are many schools in the city of
Alexandria that have sports teams or after-school sports programs where young children may be
exercising outdoors. Children begin playing sports as young as 4 years old in Alexandria rec
leagues and practice and play outside almost year round. There are youth soccer, baseball,
football, softball, field hockey, lacrosse, and rugby teams that practice outdoors.29 The public
high school has football, field hockey, and cross country teams that begin practicing outside in
the last week of July or the first week of August for the fall sports season and softball, baseball,
lacrosse, and track teams that practice outdoors in the spring through the month of May.30 These
athletes in particular are at a high risk of heat-related illness. A lot of students, especially 8th
graders going out for the high school teams for the first time, are not accustomed to the level of
physical activity demanded of them and are especially vulnerable. The football players are often
required to practice in full pads and practice multiple times a day. The cross country team runs
many miles outdoors at a time, sometimes twice a day. A lot of kids choose cross country
because they do not have another option, or are cut from a different sport. Because cross country
and track are “no cut” sports, they sometimes attract people with decreased fitness, who are at
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high risk of heat illness. The field hockey team also practices outdoors on artificial turf and
spends most of their practice running.
During tryouts, coaches tend to demand more of athletes, with extra running and multiple
practices a day. This is the standard practice for running tryouts, but it is unsafe as students have
most likely been less active over the summer and are not acclimated to that duration and intensity
of outdoor exercise. I know from personal experience and discussions with my peers that athletes
feel like they are unable to ask for water breaks or take a break from running. I also know from
experience that most high schoolers lack education on the signs, symptoms, and treatment of heat
illness.
There are several types of exertional heat illness, the signs and symptoms of which are all
important for both coaches and athletes to be aware of.
1. Exercise associated muscle cramps are the mildest and most easily treated condition, but
expose the contributing factors of dehydration, electrolyte imbalance, and fatigue among
other things.31
2. Heat syncope is a fainting episode that can be the result of dehydration, venous pooling,
or low blood pressure. This often occurs in the first five days of heat exposure in unfit or
heat-unacclimatized people.31
3. Heat exhaustion also occurs most often in those who are unfit and heat-unacclimatized. It
is the inability to effectively exercise in the heat that results from a combination of
factors including cardiovascular insufficiency, low blood pressure, energy depletion, and
fatigue.31
4. Exertional heat stroke is a medical emergency. It is the most severe heat illness and is
characterized by altered mental status combined with a core temperature above 105°F. It
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results from heat production due to exercise and/or inhibited heat loss. Rapid cooling
must occur, as the risks of morbidity and mortality increase exponentially the longer that
an athletes core temperature remains above 105°F.31

Exertional heat stroke is an extremely dangerous and potentially deadly condition that is
avoidable and treatable with proper systems and preparation in place. It is the second leading
cause of death in sports after cardiac conditions and can rise to the leading cause of death in
athletes during summer months.32(p.72-73) Heat acclimatization is an important process that occurs
over a period of 7-14 days and plays a large part in the body’s ability to cope with heat
exposure.32(p.75) There are heat acclimatization guidelines with detailed day-by-day instructions
for practice length, gear to be worn, and rest requirements that are designed to be used by high
school sports teams and enforced by athletic trainers. As climate change progresses and extreme
heat becomes more common, the occurrence of heat illness in young athletes will increase
without education and preparation from school athletic training staff.
Besides the elderly, children, and young athletes, there are several other demographic
groups that are at increased risk of heat-related health complications. Pregnant women are at an
increased risk as exposure to extreme heat while pregnant has been linked to preterm birth.32 This
additionally puts the baby at risk of the health complications associated with preterm birth.
People living with chronic disease are at a higher risk of suffering heat-related complications. As
mentioned previously, cardiovascular disease, respiratory disease, cerebrovascular disease, renal
disorders, obesity and diabetes mellitus can all have complications related to heat.4 The lowincome portion of the population is less likely to have air conditioning, placing them at a higher
risk. In Alexandria, 10.1% of the population is living in poverty.1 People who work outdoors are

Alexandria, VA: Climate and Health

22

also at increased risk of health complications from heat. As mentioned previously, there is no
agriculture in Alexandria, but there are landscape workers and city employees who work
outdoors who are at a higher risk if they work through the summer. Repeat exposure to extreme
heat can also have chronic health impacts. These include mental health problems resulting from
difficulty coping with heat, chronic kidney disease, and deterioration of the clinical status of
those living with chronic illness due to heat strain.32(p.76) Health issues related to heat are a top
concern for Alexandria, VA as climate change progresses. There are children, young athletes,
elderly citizens, pregnant women, people living with chronic disease, and low-income families
that live in Alexandria. All of these demographic groups carry an increased risk of health
complications in the face of extreme heat, and I believe that the city should focus more on
preparedness for heat.

Air Quality
Ground-Level Ozone
Climate change will affect air quality in Alexandria through increased ground-level
ozone, increased PM2.5 levels, and worse allergy seasons. Each of these air quality changes
carries with it pertinent health impacts. Rising temperatures combined with anthropogenic
pollution will lead to the formation of more ground-level ozone, which results in smog.5 Groundlevel ozone, or tropospheric ozone, is formed by chemical reactions between nitrogen oxides
(NOx) and volatile organic compounds (VOCs). The NOx and VOCs are emitted as pollutants
from cars, power plants, and other sources. The reaction occurs in the presence of heat and
sunlight and forms ozone (O3).34
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There are a variety of meteorological features affected by climate change that influence
the rate of ground-level ozone formation, including temperature, humidity, cloud cover,
precipitation, wind patterns, and atmospheric mixing.8 Higher temperatures and lower humidity
both increase the rate of formation. Periods of stagnation resulting from changes in wind pattern
where the air mass over a particular locality does not change for several days cause increased
ozone accumulation.8 Temperatures are rising and stagnation events are becoming more common
nationwide as climate change progresses, leading to an increased risk of harmful exposure to
ground-level ozone.8 Ozone is also a main component of photochemical smog. When ozone
accumulates and combines with fine particulates and other pollutants, smog is formed. In the
future, climate change will extend the amount of time each year when it is hot, which in turn will
increase the amount of ozone and smog that are formed. Tropospheric ozone is identified in the
Clean Air Act as one of the six common air pollutants and is listed by the EPA as “criteria” air
pollutant.34 Criteria air pollutants are those for which the EPA has National Ambient Air Quality
Standards (NAAQS).35 The six pollutants that make up the list are ground-level ozone,
particulate matter, carbon monoxide, lead, sulfur dioxide, and nitrogen dioxide.
The ground-level ozone that forms as a result of high temperatures and vehicle emissions
is the main air quality concern for Alexandria, VA, considering its proximity to Washington,
D.C., which ranks as one of the worst cities in the country in terms of ground-level ozone
pollution.38 There is no ambient air quality monitor in Alexandria City limits, but there is data for
the two counties that surround Alexandria, Arlington County and Fairfax County, as well as
Washington, D.C. Washington, D.C. ranked as the sixteenth most ozone-polluted city in the
country out of 228 metropolitan areas with an at risk population of almost 10 million people in
the American Lung Association’s 2019 “State of the Air” report.7(p.21) Additionally, Washington,
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D.C. ranks third in the United States with the worst traffic, after Los Angeles and New York
City.36 According to the 2019 “State of the Air” Report, Arlington County had an average of 15
code orange days per year from 2015-2017 and received a grade F rating for air quality. Fairfax
County had an average of 10 code orange days and also received a grade F rating. Code orange
days are days where the air quality is “unhealthy for sensitive groups,” and it is recommended
that “children, active adults, and people with respiratory diseases, such as asthma, should limit
prolonged outdoor exertion.”37 Although there is no data for Alexandria City itself, the data from
the surrounding counties and city shows that Alexandria suffers from poor air quality.
The health impacts of tropospheric ozone are important to be aware of because there are
many young people who participate in strenuous outdoor sports that hold practice in the summer
when ozone is a common primary pollutant. There are also many people in Alexandria living
with chronic diseases that make them more susceptible to complications related to ground-level
ozone (Table 3). Review of this data from the American Lung Association shows that 26.9% of
the population of Alexandria is living with a chronic disease that makes them more susceptible
and 29.0% of the population is under 18 years old or 65 and over. Ground-level ozone has been
linked to new onsets of asthma, pre-term birth, birth defects, developmental delays for children,
strokes, heart attacks, dementia and lung cancer.5 Similar to heat, children, the elderly, and those
living with pre-existing conditions are at the highest risk of health complications in the face of
increasing ground-level ozone pollution from climate change.

Table 3 Summary of at-risk population demographics in Alexandria, VA including age-related
risk and existing conditions that increase risk.38
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Total Population

160,530

Pediatric Asthma

2,293

Adult Asthma

11,685

COPD

8,058

Lung Cancer

88

Cardiovascular Disease

9,353

Diabetes

11,706

Children Under 18

28,866

Adults 65 and Over

17,715
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Particulate Matter
Another pollutant that poses a risk to the city of Alexandria is the particulate matter that
results from burning fossil fuels. Particulate matter is the term used to describe the mixture of
solid particles and liquid droplets found in the air.39 Particulate matter is generally categorized
into two types: PM10 and PM2.5. There is a third classification that is sometimes used, PM1. The
first, PM10, is the category of inhalable particles with a diameter between 2.5 and 10
micrometers. The other category is PM2.5, which is fine inhalable particles with diameters of 2.5
micrometers and smaller. Particulate matter pollution comes from a variety of sources. One of
the main sources is the incomplete combustion of fuels such as wood, oil, or coal.9 Particulate
matter can also form through reactions of gaseous pollutants in the air. Wind can carry the
particles away from their source so that they affect other geographic areas. As of 2016, when the
USGCRP assessment was published, there was no national consensus as to whether
meteorological changes from climate change will increase or decrease PM levels. Increased
stagnation events and increased humidity may increase PM pollution, while increased
precipitation and atmospheric mixing could decrease PM pollution. Although there is no
consensus thus far, the health effects of PM2.5 are significant and I felt it was worth including
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since Alexandria has an active population of young athletes and other people that exercise
outdoors and are at risk of breathing polluted air and suffering the health consequences.
PM2.5 poses the greatest risk to human health as it can travel deep into the respiratory
tract and reach the lungs due to its fine size and is also the pollutant that is expected to increase
with worsening climate change. There are both short-term and long-term health effects that result
from the inhalation of particulate matter. Some of the short-term effects include coughing,
sneezing, runny nose, shortness of breath, and eye, nose, throat, and lung irritation.9 The longterm effects are increased rates of chronic bronchitis, reduced lung function, and worsening of
existing conditions such as asthma and heart disease.9 The EPA also has standards for PM10 and
PM2.5 pollution as part of its National Ambient Air Quality Standards. The standards are
separated into a daily average standard and an annual average standard. Particulate matter
pollution is generally less of a concern than ground-level ozone in the D.C. area, but there are
still sometimes days where air alerts are sent out concerning high levels of particulate matter.
While completing my assessment, I realized that many playing fields in Alexandria are located in
close proximity to major roads and highways, presenting a risk of increased PM pollution on
those playing fields.
I have included images from Google Earth below to show the proximity of several of the
sports fields in Alexandria and their proximity to major roads (Figure 5-8).
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Figure 5 Map showing sports field locations in Alexandria, Virginia.

Figure 6 Witter field, in close proximity to the Capital Beltway, Telegraph Road, and Duke
Street beltway.
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Figure 7 Two public soccer and softball fields located directly next to the Capital Beltway and
Route 1.

Figure 8 Map showing proximity of T.C. Williams High School, Minnie Howard campus, and
Episcopal High School, and Fort Ward athletic fields to Interstate 395, King Street, and
Braddock Road.
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The location of these fields in such close proximity to major roads and highways in
Alexandria presents a health concern for the athletes that practice and play on the fields. There
are children of all ages who have soccer, baseball, softball, and field hockey practice and games
on these fields among other things. Given the level of rush hour traffic in Alexandria and
generally high number of vehicles on the road, there is a concern for increased PM pollution
resulting from incomplete combustion of cars on the sports fields located close to major roads.
According to the National Institutes of Health, people should limit activity and exercise near
high traffic roadways. Sports practices tend to occur during the rush hour timeframe when kids
get out of school and adults get off work. This increases the risk that athletes are exposed to high
levels of PM pollution while exercising, which can lead to respiratory health complications.

Policy Evaluation
Alexandria City Government
For my evaluation of climate change and health policy in the city of Alexandria, I began
by looking at the resources available on the city government website and Virginia Department of
Health website. I then compared the resources available on these two sites to those available in
nearby local governments as well as prime examples of climate preparedness in New York City
and Vermont state governments. As with my assessment of impacts, I focused on heat and air
quality policy, specifically policies governing sports practice cancellation in Alexandria public
schools. After looking into the resources available online, I spoke with the head athletic director
at T.C. Williams High School as well as city officials.
A review of existing environmental health policy and climate and health policy in
Alexandria reveals a lack of information available to the public. The city government website
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has a separate tab for the Department of Health, under which their ‘Environmental Health
Services’ tab can be found. Under the Department of Transportation and Environmental Services
there is an ‘Environmental Quality’ page. The ‘Environmental Quality’ page lists the programs
that are administered and managed by the Office of Environmental Quality. These programs
include air quality, stormwater management, noise control, and contaminated land management.
On the ‘air quality’ page, there is an explanation of the common air pollutants, including ozone
and particulate matter, as well as an explanation of the different air quality codes. On that same
page there is a section about air monitoring. There was an Ambient Air Monitoring Station in
Alexandria that was maintained and operated by the Office of Environmental Quality up until
May 1, 2016 when it was shut down “due to limited resources.”39
There are air monitoring stations in D.C. and the counties surrounding Alexandria from
which government weather services and companies like Weather.com and Apple pull data to
make determinations about the daily air quality index (AQI) for Alexandria. As far as extreme
heat in Alexandria, there is one page of information on the city’s Department of Health website
titled “How to Beat the Summer Heat!” This website has a brief “Tips for Staying Cool” section
with basic advice to avoid heat illness in all ages and then has information from the CDC website
with a link to read more on the CDC website. The Alexandria site does have a list of public
libraries, recreation centers, and swimming pools where people can stay cool during the summer,
which is beneficial for those community members without access to air conditioning. There is no
website, brief, or readily available information about the specific intersection of climate change
and health in Alexandria. There is information about climate change, as well as climate change
and energy. On the “Climate Change” page of the city’s website, there is a sentence stating
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“climate change is already affecting human health, water supplies, infrastructures, and
ecosystems.”41 There is no elaboration on the specific impacts following this sentence.
Since I began my preliminary research on this topic in the spring of 2018, there have
been some changes in Alexandria City policy regarding climate change. Most recently, on
October 22, 2019 the Alexandria City Council unanimously adopted a resolution declaring a
climate emergency. This resolution recognizes the anthropogenic causes of climate change as
well as the urgent need to cut greenhouse gas emissions but does not mention the impact of
climate change on health. The resolution calls for measures to “reverse global warming” and
citizen education.42 While this is a progressive step forward for the city government, there should
clearly be some mention of health impacts of climate change with any declaration of a climate
emergency. In July 2019, the Alexandria City Council unanimously adopted an updated
Environmental Action Plan (EAP) 2040. Within the EAP 2040 there is a section on
environmental health with short-term, mid-term, and long-term actions. The short-term action
plan is: “By FY2021, create a cross-agency implementation team to develop a new
Environmental Health Assessment of the City based on principles contained within the National
Association of County and City Health Officer’s (NACCHO) Protocol for Assessing Community
Excellence in Environmental Health methodology.”43(p.73) The mid-term actions are to develop an
action plan based off the findings in the assessment and to create a list of goals to address issues
of high concern, to be achieved by FY2024 and FY2025, respectively.43(p.73) The long-term
action is to conduct an annual review of progress made towards these goals.43(p.74) An
environmental health assessment for the city of Alexandria is a step in the right direction, but
will have to include an assessment of climate change impacts on health in order to be
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comprehensive. The EAP 2040 has a section on climate change that includes a mid-term action
to complete a climate vulnerability assessment of community and infrastructure systems.43(p.16)
In both the “climate emergency resolution” adopted in October 2019 and the EAP 2040
published in July 2019, the focus of climate change impacts on Alexandria is on flooding in the
riverfront portion of the city. Some of the most valuable properties and much of Alexandria’s
tourism economy are located in the waterfront Old Town neighborhood. The climate emergency
resolution cites estimates that between $100 million and $250 million of property in Alexandria
will be affected by sea level rise of one to five feet.42 It seems that the city is focusing on the
potential impact of flooding because it will impact this valuable property, even though the
geographical area and number of people affected are small when looking at the city as a whole.
Flooding in the part of the city with expensive homes and tourism economy is a dramatic, visible
impact of climate change. The City government is focusing on flooding, while there are other,
less visible health impacts of climate change affecting residents of all neighborhoods. Flooding
that results from sea level rise, tidal movements, and increasing frequency and intensity of
storms is a top concern for Alexandria, there are several other impacts of climate change that
need to be considered with the same level of urgency. Extreme heat impacts and air quality
concerns will have acute and chronic impacts on the health of the citizens of Alexandria,
especially vulnerable populations. These impacts will worsen as climate change progresses and
need to be included in future assessments and planning conducted by the city government.
I attempted to contact city government officials regarding the lack of climate and health
policy as part of my research. I called the Department of Health Environmental Health division
to inquire about the lack of information on the city website and spoke to the Environmental
Health Manager, who redirected me to the City’s Sustainability Coordinator, whom I asked why
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the city has yet to put out any brief or information on climate and health. Her response was that
“it’s one of the actions in our Environmental Action Plan” (phone call, September 21, 2019). As
mentioned above, there are plans in the EAP 2040 to complete an environmental health
assessment for the city and a climate vulnerability assessment of community and infrastructure
systems. While these very well may include sections on the specific intersection of climate
change and human health, it is not explicitly laid out. Likewise, the subject seems to be nobody’s
job in the city government. The Sustainability Manager explained that the person who will be
working on those assessments is the Environmental Health Manager, the very person who had
directed me to her. I called the Environmental Health Manager again and asked whether climate
change and health will be included in their Environmental Health Assessment or the Climate
Vulnerability Assessment. Her response was “To be honest with you, I’ll be surprised if the
assessment even happens” (phone call, September 22, 2019). I asked for clarification that she
was indeed talking about the Environmental Health Assessment and she explained that it will
likely not happen due to budget restrictions. She stated that the earliest the assessment will
possibly begin is two years from now.
These conversations with city government officials show the City of Alexandria’s lack of
preparedness. Putting out an Environmental Action Plan is an easy way to appear to be doing
something and making progress, but if the actions listed in the plan are not actually going to take
place in the near future then it serves little purpose. Alexandria flaunts its “Eco-City Alexandria”
effort but does very little to implement policies or take actions regarding environmental health.
Most of the goals and achievements are regarding greenhouse gas emissions, which is beneficial
to slowing the progress of climate change, but in the meantime actions must be taken to mitigate
the impacts of climate change already being felt and to adapt to the inevitable impacts to come.
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Virginia State Government
The Virginia Department of Health website did not have a page on climate change and
health until early 2019. The page now explains that they have established a Climate Change
Committee and are working on identifying health-related impacts of climate change in Virginia
developing a draft Public Health Impacts of Climate Change Response Plan in response to
executive orders from the governor and public concern.44 The draft response plan is estimated to
be released in early 2020. On June 10, 2019, the Virginia Department of Health hosted a “Public
Health Impacts of Climate Change Summit” in Richmond, Virginia. The presentations given at
the summit are available online. The focus areas of the summit were air temperature/quality,
water temperature/quality, sea level rise, and extreme weather events, presented in that order.
This summit shows that the state government and department of health are aware of the
significance of the health impacts of climate change. The fact that air temperature/quality was
the first topic in their presentation, and within that presentation, heat illness was the first talking
point, demonstrates that extreme heat is a main concern.45 By hosting this summit, the
Department of Health shows improved awareness on a state level, but these discussions should
have occurred years ago. Virginia is a coastal state located in the Southeast, and is susceptible to
many impacts of climate change. This is a pressing issue that should have garnered the attention
of state and local government officials long before now.
Review of policy in the two counties that surround Alexandria shows a similar lack of
information on city government websites. The Fairfax County Department of Health has a brief
on “Environmental Health Programs” that does mention the impact of climate change on human
health, stating that “climate change is projected to impact the severity of natural disasters such as
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floods and storms, air and water quality, and patterns of communicable diseases.”45 Otherwise
there is no mention of climate change and health on the website. The Arlington County Health
Department has an environmental health division. Under the Environmental Health tab on their
website, there is no mention of climate change. However, in the Arlington County Climate
Action Resolution, published on June 20, 2017, the third point mentions the impact of climate
change on health stating that climate change is “a worldwide threat with the potential to harm our
economy, safety, public health, and quality of life.”47 Although neither of the counties that
surround Alexandria have specific information about climate change health-related impacts, they
at least have some brief mention of the connection between the two topics somewhere on their
website. Arlington County published their Climate Action Resolution more than 2 years before
Alexandria did, further evidence that Alexandria is behind on climate action. The Washington,
D.C. government website also lacks information on climate change and health.

New York City and Vermont State Governments
I looked at New York City and the state of Vermont as examples of state and local
governments that have extensive information about climate change and health easily accessible
to citizens. The NYC Department of Health has an entire page titled “Climate and Health” with
separate hyperlinked pages covering each major concern for the city. The page also identifies
vulnerable populations, provides links to published studies and articles for further reading, and
has a list of additional resources with much more information. The website is easy to find with a
simple Google search, a search on the nyc.gov website, or when browsing the Department of
Health’s website. Likewise, the Vermont Department of Health has a very user-friendly website
with a side tab titled “Health & the Environment” under which there is a “Climate & Health”
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page. This page is similar to that of NYC in that it has all of the impacts listed, with links to read
more about each, lists of additional resources including a Climate and Health Profile for the
state, and identification of vulnerable populations. One thing that is different on the Vermont
Department of Health’s website is that they have provided a link to a self-paced online course
titled “Human Health Effects of Climate Change,” offered through the New England Public
Health Training Center. It is clear that the New York City government and Vermont state
government want their citizens to be educated and have provided the resources needed to do so.
Citizen education and awareness is crucial for mitigation of certain health impacts of climate
change, such as heat. Simply understanding heat illness, why it happens, and how it can be
avoided or treated, can save lives. These government websites provide an exemplary model of
climate and health information and education.

High School Sports Policy
Given the focus on heat and air quality in my preliminary research, I chose to look more
closely at the school sports cancellation policies while doing my policy research. There is one
public high school in Alexandria, T.C. Williams, with an enrollment of 4,000 students.48 The
school offers a total of 20 sports with freshman, junior varsity, and varsity level teams and
students can try out for teams beginning in eighth grade. There are an estimated 1200 athletes
that participate in sports at T.C. Williams each year (James Parker, email communication,
November 20, 2019). There is nothing on the T.C. Williams athletics website about practice
cancellation besides a “sports hotline” number that you can call to check if a practice or game
has been cancelled. There is no explanation of the cancellation policy on the website. As a public
high school in the state of Virginia, T.C. Williams sports are governed by the Virginia High
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School League (VHSL). On the VHSL website home page at the very bottom of the home page,
there is a “sports medicine” link. This link takes you to a page explaining that VHSL receives
advising and information from the Sports Medicine Advisory Committee (SMAC). On this page
is a list of SMAC’s areas of involvement, one of which is “Heat and Hydration.” There is a
document titled “VHSL Heat Guidelines (2017)” listed under the Heat and Hydration tab. This
document provides extensive information about the prevention and treatment of heat illness, as
well as “participation recommendations” that are based on WBGT (Figure 9).

Figure 9 VHSL participation recommendations based on WBGT.31

These guidelines are well thought out and are designed to protect athletes from heat
illness. All high schools in the state of Virginia should be adhering to these guidelines and have a
device on hand to measure WBGT. I spoke with the head athletic trainer at T.C. Williams,
Marjorie Franke, ATC to figure out whether they are using these guidelines for cancelling
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practice due to heat. Ms. Franke confirmed that they do adhere to the VHSL guidelines and have
a device on hand to measure WBGT. She explained that they test the WBGT approximately one
hour before practice begins in order to make the call about practice and convey their decision to
coaches. They also test the WBGT again once practice has begun. This testing is done on the turf
of the football field to provide the most accurate representation of the conditions that the athletes
will practice in and they also test the conditions indoors if the air conditioning is not working.
She mentioned that they have rarely had to fully cancel practice, and that it is much more
common to have to enforce equipment and duration of practice cutoffs. Ms. Franke makes the
call about practice or game cancellation, not the Athletic Director, though if the football team
holds practices in July it is up to the Athletic Director to test WBGT and convey findings to
coaches. She seemed to believe that the Athletic Director does not always go outside and test
WBGT prior to summer practices, as he is not accustomed to doing this. Luckily the school has
not had any instances of exertional heat stroke that Ms. Franke can recall, but she has seen other
lesser forms of heat illness (Marjorie Franke, ATC, oral communication, October 20, 2019).
One area for potential improvement that Ms. Franke identified was the adherence to
proper acclimatization periods. She was aware of the importance of following a strict gradual
increase in intensity and duration of practice in the heat in preventing heat illness, but admitted
that the football coaches do not follow this because the first week of the season is used a tryout
period. During tryouts, teams practice multiple times a day and practice intensity is high as
athletes attempt to impress coaches and make the team. While the coaches are still required to
adhere to any restrictions on equipment worn or the duration of the tryout/practice, the intensity
of their workouts is not governed. She expressed frustration that the coaches do not offer any
acclimatization modifications for their athletes. Due to the city’s lack of air quality monitoring,
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she does not have air quality data specific to Alexandria available when she is making decisions
about practice. She explained that they may check the iPhone app or Weather.com for the Air
Quality Index, but since there is no monitoring station within city limits it is difficult to
confidently cancel practice based on air quality concerns. Another concern that she brought up
was the loophole for private schools in Alexandria. There are three private high schools in the
city of Alexandria. Private schools are not governed by VHSL, and therefore do not have to
enforce their cancellation policies and can derive their own guidelines. This is concerning
because they too have many athletes that practice outside in the spring and summer who are at
risk for heat illness. Ms. Franke agreed that education for both players and coaches on heat
illness would be beneficial. (Marjorie Franke, ATC, oral communication, October 20, 2019)
T.C. Williams High School does not currently have a cooling tub on site at every football
practice and game. Rapid cooling using a tub filled with ice water is the most effective treatment
for exertional heat stroke. In certain states, including Vermont, both cooling tubs and heat stress
monitors are required at high school football practices.49 Neither is required in Virginia. Ms.
Franke explained that they used to set up a tub and bring coolers of ice out onto the field for
every practice, but no longer do so because it was hard to do. She told me that the cooling tub
cracked and they have not received funding to purchase another and that their ice machine does
not work well enough to fill coolers of ice to be used only in case of emergency. She was able to
convince the Athletic Director to purchase a rectal thermometer. A rectal temperature is the best
way to monitor a heat stroke patient’s progress as they are being cooled. While it is a step in the
right direction for the high school to have this device, it is not useful if they do not have cooling
measures in place. It is crucial to cool heat stroke patients prior to transport to a hospital. Ms.
Franke has worked with other officials in the school to develop a new emergency action plan that
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includes extreme temperature procedures, which will go into effect next year. Overall, from my
discussion with Ms. Franke, I learned that she is very knowledgeable on the subject of heat
illness and the best ways to prevent and treat it, but she does not have all the resources she needs
to administer the highest standard of care due to a lack of funding and awareness from the
Athletic Director. I reached out to James Parker, the Athletic Director at T.C. Williams, to
discuss extreme heat cancellation policies. He was not willing to meet with me and instead
referred me to Ms. Franke stating that “she would be able to help you more than I would” (James
Parker, email communication, November 12, 2019).
Alert Systems / Weather Applications
The city of Alexandria has a text or email alert system that is highly customizable. There
are options to receive alerts about a variety of topics, including severe weather. I have been
subscribed to these alerts for several years and have received very few about severe weather. For
example, from January to September 2019, I received just two texts regarding extreme weather.
One for “severe storms and potential flash flooding” on July 11th and one for a “heat advisory”
on July 17th. It is good that the city has the framework in place to send out alerts, although it does
not seem to be used frequently. Since beginning this project, the standard iPhone weather
application that comes pre-installed on the phone has been updated to include a section for air
quality. The Weather Channel iPhone application has had an air quality section on the home page
for any given city for several years. In this section, there is a graphic showing the Air Quality
Index, and the primary pollutant is listed. If you click on the “details” option, there is a
breakdown of the levels of other harmful air pollutants. Since there is no air quality monitor in
Alexandria, this data comes from either the closest air monitor located in Arlington County,
which borders Alexandria, or from Washington. Having this crucial information so easily
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accessible on both the standard iPhone application and The Weather Channel application is
beneficial to citizens. This allows people to make informed decisions about outdoor activities.
Overall, the City of Alexandria and the state of Virginia as a whole are behind on climate
and health policy. The lack of policy at the state level at least partially explains the lack of
information or policy from the city government. If the Virginia Department of Health follows
through on its plan to release a climate and health response plan in early 2020, the city will
hopefully follow suit or at least use the information gathered by the state to put out a brief of
their own. It is concerning that the Alexandria City Environmental Health Manager was willing
to openly admit that she does not believe the proposed Environmental Health Assessment will
occur. The city government is apathetic towards environmental health as a whole and climate
change and health, as shown by the lack of resources available. The air quality monitoring
station was shut down in 2016 due to limited resources and the city has shown no progress
towards getting it up and running again. Because there is no air quality monitor within city
limits, the athletic training staff at T.C. Williams High School are unable to make practice or
game cancellation decisions based off air quality data from within the actual city and must
decide whether they want to use D.C. or Arlington data or ignore air quality overall. The athletic
training staff at T.C. Williams is well-versed in heat illness, but lacks resources and support from
the school.

Recommendations
Overall, the city of Alexandria lacks information and preparedness for the health
challenges that will come with worsening climate change. The first and most important step is to
complete an impact assessment as laid out in the EAP 2040. Budget limitations are
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understandable, but environmental health should be prioritized. If the city is unable to complete
the proposed Environmental Health Assessment, they should at least put out a climate and health
brief to inform citizens. There are many examples of city and state governments with extensive
information readily available to their communities. The New York City and Vermont
government websites, as well as several other cities and states across the county, provide a great
example of how to keep citizens informed and equipped to handle the health impacts of climate
change. Having a page on climate change and health under the existing environmental health
section or on the Alexandria Health Department’s webpage would allow citizens to read and
understand more about the intersection of climate change and health. The Vermont Health
Department’s page on climate change and health does a good job of identifying vulnerable
populations. It is important for people to know whether they are part of a certain vulnerable
demographic group so that they can be better prepared. Once the Virginia Health Department
completes their Public Health Impacts of Climate Change Response Plan, Alexandria should
follow suit and apply the state’s findings to the city.
One thing that the city could do before publishing a brief or assessment would be an
improvement or increased use of their emergency alert system. As mentioned before, there is a
text and email system in place that is customizable. Under the “severe weather” choice, there
could be an option to receive a text every day that the air quality index exceeds a certain level or
every day the high temperature is expected to reach 90°F or higher. These customizable choices
could also include an option to receive a weekly air quality or temperature forecast by email or
text, which would allow community members to plan ahead if they have things that need to be
done outside. This could also be done using Twitter, by creating an account just for alerts that
residents can follow to receive updates. Improving the existing alert system to include choices
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for daily or weekly forecasts or creating a Twitter account just for weather and air alerts would
be a good first step in creating a more informed city population. This way, even if the city delays
publishing information on climate change and health, people are at least able to make informed
decisions when exercising or working outdoors. The texts from the existing alert system do
encourage people to check on their neighbors. This is important to continue encouraging, since
the elderly population and especially those that live alone could be suffering during a heat wave
with no one to check on them.
In order to better protect outdoor workers in the city of Alexandria, the city government
and private employers should use the U.S. Department of Labor Occupational Safety and Health
Administration work/rest guidelines and acclimatization policies that are based on WBGT. There
are city-employed construction and maintenance workers as well as employees of private
landscaping and home renovation companies that work through the summer and are at risk of
suffering health impacts of heat exposure. These guidelines have been well-researched and
thoughtfully developed and should be implemented and enforced by employers to protect their
employees.
In addition to increasing the amount of information available on the city website and
following suit as the state of Virginia investigates the public health impacts of climate change,
there are ways that the City of Alexandria can mitigate the individual impacts of climate change
on human health. Some policies that could mitigate the impacts of extreme heat on health would
be increasing shade in public areas, as well as increasing the number of air conditioned buildings
that people can take shelter in. Because Alexandria always experiences very hot summers, most
homes and businesses are already equipped with air conditioning, but it is important that there
are plenty of spaces available for those who do not have access to air conditioning to take refuge
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and that people in need of these spaces are aware that they exist. There is a list of libraries, rec
centers, and public pools available on the website, but the city could send reminder emails or
make sure that this list appears on the home page of the city website during the hot summer
months. Continuing efforts to cancel outdoor sports practices when temperatures are too high
will also help to protect the younger population. One relatively simple way to limit the likelihood
of heat illness occurring during fall sports tryouts in August would be to enforce the
acclimatization guidelines laid out by VHSL and the National Athletic Trainers’ Association.
Having one to two weeks of “practice” before official tryouts where athletes can slowly get
accustomed to the heat without having to worry about impressing coaches would decrease the
risk of heat illness in fall sport athletes, especially football players.
Both coaches and players need to be educated about the severity, prevention, symptoms,
and treatment of heat illness. The athletic training staff could host a mandatory informational
seminar to be attended by all outdoor fall sport athletes prior to the beginning of the season. They
already do this for concussions, so they could tack it onto the same event or host a separate
event. Coaches should be educated separately, as it is more important that they are able to
recognize the visible symptoms of heat illness that their athletes may be exhibiting. This meeting
or presentation would also serve to remind coaches of the severity of heat illness and the
importance of letting players take a break or grab water if needed. The book, Preventing Sudden
Death recommends that athletes physical clearance exam should include questions to determine
their predisposition to heat illness. This would be easy for T.C. Williams to incorporate, since
they require a physical to be completed by a doctor prior to participation in any sport. For that
physical, athletes are required to print and fill out the VHSL physical form. On this form, there is
a series of 52 medical history questions including one question regarding heat: “When exercising
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in heat, do you have severe muscle cramps or become ill?”50 More heat-specific questions could
either be added to this VHSL physical form or put on a separate form from the athletic trainers.
This would help identify vulnerable athletes. Additionally, the Athletic Director should provide
their athletic training staff with the resources necessary to administer the highest standard of care
for heat illness, including a cooling tub and a properly functioning ice machines.
In the event of extreme weather, the city should continue to notify residents and offer
advice on how to best prepare. This is something the city does well. They have sandbags
available when they are expected to be needed and make use of the text/email alert system to
warn citizens about impending weather. One major change that should be made is the addition or
reactivation of an air monitoring station within city limits. It is important that everyone from city
officials to school athletic training staff has the most accurate air quality data available to them.
This will allow the city to send out alerts for days when the air quality is dangerous and will
allow athletic trainers to factor air quality into their decision to cancel any outdoor practice. If
new athletic facilities are being built in Alexandria, efforts should be made to locate them farther
from major highways where PM pollution poses less of a risk to the athletes. The City should
continue to distribute information about mosquito prevention. By informing people that they
should have screens in their windows and keep doors closed when mosquitoes are in season,
their exposure will be lessened. It would also be beneficial to provide people with free screens or
assistance installing screens during the change in seasons.
There is a remediation effort underway for the combined sewer system in Alexandria.
The City is working with Alexandria Renew Enterprises, a water resource recovery utility, to
design and construct a system that stores excess sewage and stormwater underground in a system
of tanks and tunnels during rain events.17 The water and sewage that is stored during rain events
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to prevent overflow will then be pumped back to the wastewater treatment plant after the rain
stops. This remediation strategy is much more manageable than completely eliminated the
combined sewer system, but per the City’s website there will “likely be four overflows per year
when unusually heavy rain still exceeds the capacity of the storage tanks and tunnels” even after
the remediation project is complete.17 A state law enacted in 2017 mandates that the City’s
remediation efforts must be complete by 2025. This is a massive undertaking for the city that
will take extensive resources and time to complete, but completion will greatly reduce both the
number of overflows per year and the associated risk of water contamination.
One factor that aids in the resilience of the City of Alexandria in the face of worsening
climate change is the availability and distribution of a variety of grocery stores around the city.
Food and nutrition insecurity will worsen as climate change progresses in certain parts of the
country defined as “food deserts” that lack fresh and healthy food. Alexandria is prepared with
many different grocery stores within city limits that offer affordable options for individuals of all
income levels. Having these diverse options available makes it more likely that a resident of
Alexandria will be able to find a store where they can afford to shop and purchase healthy
options.
The City of Alexandria must take short term and long term actions to prepare for the
impacts of climate change on the health of its citizens. In the short term, the City can put out a
short brief with a summary of impacts and increase use of its existing alert system. The Athletic
Director at T.C. Williams can provide funding to his athletic training staff to purchase a cooling
tub, which will increase their preparedness to treat heat illness. Over the next several years, the
City should prioritize the proposed Environmental Health Assessment, and ensure that climate
change and health is included in this assessment. The city government should follow the lead set
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by other city and state governments and publish more information on their website where
citizens can read and become informed about the impacts of climate change on health.

Future Implications
Completion of an Environmental Health Assessment and implementation of measures to
mitigate the health-related impacts of climate change will hopefully improve overall well-being
in the City of Alexandria, but could cause unintended energy or other health impacts. With
worsening heat and air quality, cancellation of more outdoor practices is inevitable, which will
lead to more time spent indoors for young athletes. For some of the sports teams, such as football
and cross country, there is no easy indoor practice option. Cross country can cross-train indoors
if there is space available, but there is no indoor track at T.C. Williams and no way to provide
enough treadmills for the entire team to complete a workout on a treadmill. There is a freshman,
junior varsity, and varsity football team at the high school, all of which have huge rosters,
making it difficult to move practice inside. If more practices have to be cancelled in the future,
the amount of exercise that student athletes in Alexandria are getting could decrease. Staggering
and/or changing practice times for the various fall sports that practice outdoors beginning in the
summer would allow all teams the option to move practice indoors. For adult athletes who prefer
to exercise outdoors, increasing frequency of hot days and bad air quality days could result in
decreased activity levels, which could contribute to decreased overall health and well-being. The
recreation centers and fitness centers could extend their operating hours to give community
members the best chance at finding time to exercise indoors on hot or poor air quality days.
Another implication of worsening climate change and the subsequent need for activity
modification is an increased energy demand. With more hot days and heat waves, and a longer
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summer season, the energy needs of Alexandria will rise. As seen in Figure 10, Alexandria, and
Virginia as a whole, depends on coal, natural gas, and nuclear resources for 93.9% of the energy
produced. Coal and natural gas are fossil fuels which emit greenhouse gases when burned,
contributing to climate change.

Figure 10 Pie chart created by Dominion Power showing breakdown of energy sources in
Virginia in 2017.51
Increased need for air conditioning without transition to renewable sources of energy will
lead to increased greenhouse gas emissions. The health impacts of exercising in heat and poor air
quality can be mitigated by exercising indoors, but indoor facilities need to be air conditioned. If
recreation centers and fitness centers stay open longer to accommodate the needs of their users,
their energy use will increase. The City of Alexandria and its energy utility, Dominion Power,
should continue efforts to transition to renewable energy sources in order to offset the increased
need for power as climate change progresses. The City could encourage a transition to renewable
energy by providing subsidies for solar panels or electric vehicles. In order to slow the progress
of climate change and its subsequent health impacts, the City should continue to encourage use
of public transportation. There is a bikeshare program, public bus and metro system, and electric
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scooters all over the city. The use of alternate transportation such as biking or walking to work
instead of driving also has health co-benefits as they are forms of exercise.
Climate change has been proven to have negative impacts on mental health. These
impacts can be the direct result of natural disasters and extreme weather or can be indirect as the
result of coping with change.20(201) Physical activity is beneficial for both physical and mental
health. With increased frequency of weather conditions that limit outdoor activity, mental health
of athletes of all ages could suffer. This, combined with already worsening mental health as the
result of climate change, could have serious implications. Identification of vulnerable
populations and counseling of those affected will mitigate these impacts. Overall, climate change
will negatively affect the health of the residents of Alexandria, VA without mitigation. It is the
responsibility of the city and state governments to gather and disseminate information to keep the
population informed and prepared. There are strategies that can be employed in both the shortterm and long-term context to adequately prepare Alexandria for the inevitable health impacts of
climate change.
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